INTRODUCTION
============

Acute pancreatitis (AP) is an emerging problem in pediatrics with an estimated incidence of 2--13 cases per 100,000 children \[[@B1][@B2][@B3]\]. Nearly 25% of children with AP may develop severe disease \[[@B4][@B5]\]. The International Study Group of Pediatric Pancreatitis: in search for cure (INSPPIRE) consortium published a consensus statement that classified severity of AP in children and provided updated management recommendations \[[@B6]\]. The group defines AP as the presence of 2 of 3 criteria: abdominal pain suggestive of AP, amylase and/or lipase elevation at least 3 times greater than the upper limit of normal (ULN), and imaging findings compatible with a diagnosis of AP \[[@B7]\]. The expert panel also suggested initial imaging via transabdominal ultrasonography, aggressive hydration, early initiation of enteral nutrition, delaying endoscopic intervention and avoiding a surgical approach \[[@B8][@B9]\].

It is estimated that Pediatric AP costs nearly \$200 million per year in inpatient charges, with a median cost per hospitalization estimated around \$20,000 \[[@B4][@B10][@B11]\]. Pre-existing complex clinical conditions, sociodemographic and interventional factors have been associated with increased hospital length of stay (LOS) in pediatric patients who were discharged with diagnosis of AP. This study did not investigate laboratory parameters or the effects of the recommended fluid hydration \[[@B12]\].

Our study aims to assess the effect clinical and laboratory variables on hospital LOS in pediatric patients admitted with AP from two different tertiary care hospitals in the United States. We hypothesize that clinical and laboratory findings related to hypovolemia are associated with increased severity of Pediatric AP as measured in this study using hospital LOS as proxy variable.

MATERIALS AND METHODS
=====================

Data collection for the study cohort
------------------------------------

After obtaining Institutional Review Board approval, we conducted a retrospective chart review of patients between ages of 0 and 18 years, who were admitted with AP at Oishei Children\'s Hospital (Buffalo, NY, USA) or the Medical University of South Carolina Children\'s Hospital (Charleston, SC, USA) from February 1, 2013 to February 28, 2018. Medical documentation was captured by query of the Electronic Medical Record system using the international classification of disease (ICD) codes (ICD9=577.0 and ICD10=K85) for AP. We excluded patients with no available medical records and those with pre-existing complex medical co-morbidities including confirmed diagnosis of cystic fibrosis by sweat chloride level more than 60 millimoles per liter, chronic uncontrolled respiratory disease as defined by the World Health Organization, congenital heart disease, neuromuscular disease, malignancy and chronic renal disease. [Fig. 1](#F1){ref-type="fig"} shows summary of the study selection flow diagram. Severity grading of Pediatric AP was classified according to INSPPIRE group as mild, moderately severe, or severe. Mild AP was not associated with any organ failure, local or systemic complications. While moderately severe AP was defined as either development of transient organ failure/dysfunction that lasted \<48 hours or development of local or systemic complications. Severe acute pancreatitis (SAP) represented patients with persistent organ dysfunction as per the international pediatric sepsis consensus that lasted ≥48 hours \[[@B9]\].

![Sources of study population and reasons for exclusions. MUSC: Medical University of South Carolina Children\'s Hospital.](pghn-23-356-g001){#F1}

Outcome variable and covariates
-------------------------------

The primary outcome variable was hospital LOS in days. Covariates of interest included age (categorized as 0--1 years, 2--7 years, and 8--18 years), sex, race, hospital LOS, weight in kilograms (kg), body mass index, heart rate (HR) above the 95th percentile for age, systolic blood pressure (SBP) less than 2 standard deviations below mean for age, sex and height, mean blood pressure (MBP) less than 5th percentile for age, sex and height, number of fluid boluses provided, correction of HR and, or blood pressure (BP) in response to fluid bolus resuscitation with volume between 20 and 60 mL/kg, type of fluid used for boluses (normal saline \[NS\], lactated ringer \[LR\] or others), daily average of fluids given during admission in milliliters, daily average of hourly scaled urine output recorded during admission in milliliters, oxygen needs and need for mechanical ventilation. Laboratory data included peak serum level of lipase, serum blood urea nitrogen (BUN) on admission, creatinine, bicarbonate and blood hematocrit level. Serine protease inhibitor Kazal-type 1 (SPINK1), cationic trypsinogen 1 (PRSS1), and Cystic fibrosis transmembrane receptor mutation amplification and sequencing were included when available for patients with recurrent pancreatitis. Several of these clinical variables have been included in previous studies by the INSPPIRE group to classify severity of pediatric AP \[[@B9]\].

Statistical analysis
--------------------

We constructed three linear regression models to analyze the effect of clinical signs of organ dysfunction, laboratory markers and fluid intake on hospital LOS, which was log-transformed in order to satisfy model assumptions. The first model included increased heart rate above the 95th percentile for age that lasted ≥48 hours, increased oxygen requirement and decreased hourly scaled urine output during hospital admission as markers of cardiovascular, respiratory and renal dysfunction respectively. Only three patients developed low systolic and mean blood pressure that persisted ≥48 hours and therefore, blood pressure variables were not included in the first model. The laboratory model included peak serum lipase during hospital stay. In addition, it included serum levels of BUN, creatinine, bicarbonate and blood hematocrit on presentation. The fluid intake model included fluid resuscitation as a dichotomized variable and deviation percentage of fluid intake from calculated weight-based maintenance fluid requirement using Holliday Segar calculation method. A final complete regression model was created to examine the combined effect of all above mentioned model variables on hospital LOS calculated in log (days). The 95% confidence intervals were calculated for all estimated coefficients. Outcomes were reported as change in adjusted LOS. Statistical significance for all analyses were assessed with an α-level of 0.05. Analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA).

RESULTS
=======

Demographics and clinical characteristics
-----------------------------------------

A total of 140 encounters from both John R. Oishei Children\'s Hospital (Buffalo, NY, USA) and MUSC (Charleston, SC, USA) were identified via billing codes between February 1, 2013 and February 28, 2018. Twenty encounters were excluded based upon serum lipase levels less than three times ULN on admission. In addition, 28 encounters did not meet study inclusion criteria. The study cohort consisted of 92 patients who had a mean age of 12 years (range, 7.6--17.4 years), and 55% were females. The most frequent cause of AP was idiopathic (78%), followed by drug induced AP (7%) and cholelithiasis (7%). Thirteen patients were diagnosed with recurrent pancreatitis, among which, only one tested positive for both SPINK1 and PRSS1 mutations. Sixty-eight patients had mild AP, eighteen developed moderately severe disease, while six experienced severe AP. The majority of patients received intravenous fluid resuscitation within 24 hours of presentation, then continued on combined intravenous and enteral fluid intake during their hospital stay. Mean daily fluid intake was 141% of calculated maintenance fluid, including enteral hydration, intravenous fluid boluses and maintenance. Only 13% of the patients had a NPO order that lasted for more than 24 hours after admission. The median LOS was 3 days (Q1=2 days, Q3=6 days) ([Table 1](#T1){ref-type="table"}).

###### Patient demographics and clinical characteristics
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  Variable                                                      Value (n=92)                                              
  ------------------------------------------------------------- --------------------------------------------------------- -----------
  Age                                                           11.95±5.40                                                
  Male                                                          41 (44.6)                                                 
  Race                                                                                                                    
                                                                White                                                     58 (70.7)
                                                                Black                                                     20 (24.4)
                                                                American Indian                                           2 (2.4)
                                                                Asian                                                     2 (2.4)
  Body mass index                                               22.40±8.38                                                
  Body mass index z-score for age                               0.47±1.54                                                 
  Severe acute pancreatitis                                     6 (6.5)                                                   
  Moderately severe acute pancreatitis (local complications)    18 (19.6)                                                 
                                                                Peripancreatic fluid collection (ultrasound or CT scan)   10 (10.9)
                                                                Pancreatic necrosis (ultrasound or CT scan)               8 (8.7)
  Mild acute pancreatitis                                       68 (73.9)                                                 
  Recurrent acute pancreatitis (mild, moderate or severe)       13 (14.1)                                                 
  Median length of stay                                         3.0 (2.0, 6.0)                                            
  Total number of patients with nil per os \>24 hr              12 (13.0)                                                 
  Fluid resuscitation                                           67 (72.8)                                                 
  Deviation % in daily fluid intake                             41 (44.6)                                                 
  Opioid analgesia e.g. morphine, oxycodone and hydromorphone   58 (63.0)                                                 
  Non-opioid analgesia e.g. acetaminophen and NSAIDs            24 (26.1)                                                 
  Etiology                                                                                                                
                                                                Idiopathic                                                72 (78.3)
                                                                Biliary tract anomalies or cholelithiasis                 6 (6.5)
                                                                Drug induced (valproic acid)                              6 (6.5)
                                                                Diabetic ketoacidosis                                     5 (5.4)
                                                                Trauma                                                    3 (3.3)

Values are presented as mean±standard deviation, number (%), or median (1st quartile, 3rd quartile).

CT: computerized tomography, NSAID: non-steroidal anti-inflammatory drug.

Analysis of study cohort
------------------------

Patients with tachycardia above the 95th percentile for age that lasted for ≥48 hours had on average a 1.15 log (days) longer LOS than those who did not (*p*\<0.001), controlling for oxygen needs, scaled hourly urine output, age, sex, and race ([Table 2](#T2){ref-type="table"}).

###### Linear regression model analysis showing the effect of clinical, laboratory and fluid therapy variables on hospital length of stay in log (days)
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  Variable                                                       Estimate   95% CI            *p*-value
  -------------------------------------------------------------- ---------- ----------------- -------------
  Tachycardia \>95th percentile for age that lasted for ≥48 hr   1.15       0.64, 1.65        \<0.001^\*^
  Increased oxygen needs                                         0.56       −0.51, 1.63       0.30
  Decreased hourly urine output                                  −0.003     −0.19, 0.18       0.98
  Intravenous fluid resuscitation                                0.58       0.18, 0.99        0.005^\*^
  Lipase                                                         0.000009   −0.0001, 0.0001   0.89
  BUN                                                            0.028      0.01, 0.04        \<0.001^\*^
  Bicarbonate                                                    0.027      −0.01, 0.07       0.20
  Creatinine                                                     0.50       −0.32, 1.33       0.23
  Hematocrit                                                     −0.001     −0.038, 0.036     0.95
  Deviation percentage in daily fluid intake                     0.001      −0.003, 0.005     0.49

CI: confidence interval, BUN: blood urea nitrogen.

^\*^Statistically significant.

We utilized the laboratory model to analyze the effect of serum BUN level on admission and other laboratory markers on hospital LOS. Although the majority of the cohort had a serum BUN within high normal level (normal range 7--20 mg/dL), the elevation of serum BUN on admission was found to be significantly associated with prolonged LOS (*p*\<0.001) as illustrated in [Fig. 2](#F2){ref-type="fig"}. In contrast, serum creatinine, bicarbonate, lipase and hematocrit levels were not found to have a significant effect on LOS, after controlling for all other laboratory markers, age, sex, and race. Similarly, the interaction between serum BUN level on presentation and peak serum lipase during admission did not significantly affect the primary outcome. [Table 2](#T2){ref-type="table"} demonstrates the effect of laboratory markers completed during admission on hospital LOS.

![Fit plot curve showing the effect of serum BUN level at admission on length of stay in log (days).\
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Patients who received fluid resuscitation during admission had on average a 0.58 log (days) longer LOS than those who did not (*p*=0.005), controlling for deviation percentage from maintenance fluid, age, sex and race. There was no association between the percentage deviation of fluid intake from maintenance and increased hospital LOS in our patient population (*p*=0.49). This finding is illustrated in [Table 2](#T2){ref-type="table"}.

In the complete regression model that included clinical signs of organ dysfunction, laboratory markers, fluid resuscitation and total fluid intake volume during hospital admission, we demonstrated that tachycardia above the 95th percentile for age that lasted for ≥48 hours was the leading variable to be associated with an average of 0.99 log (days) longer hospital LOS. This result is illustrated in [Table 3](#T3){ref-type="table"}.

###### Complete linear regression model analysis showing the effect of variables on length of stay in log (days)
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  Variable                                                       Estimate    95% CI            *p*-value
  -------------------------------------------------------------- ----------- ----------------- -------------
  Tachycardia \>95th percentile for age that lasted for ≥48 hr   0.99        0.45, 1.53        \<0.001^\*^
  Increased oxygen needs                                         −0.05       −2.75, 2.61       0.97
  Decreased hourly urine output                                  −0.02       −0.22, 0.18       0.83
  Intravenous fluid resuscitation                                0.33        −0.15, 0.81       0.17
  Deviation percentage in daily fluid intake                     −0.001      −0.006, 0.004     0.69
  Serum Lipase                                                   −0.000006   −0.0001, 0.0001   0.93
  Serum BUN                                                      0.02        −0.01, 0.05       0.20
  Serum bicarbonate                                              0.02        −0.02, 0.07       0.28
  Serum creatinine                                               0.28        −0.59, 1.16       0.52
  Blood hematocrit                                               0.004       −0.037, 0.045     0.83
  Z-score of body mass index                                     −0.09       −0.24, 0.05       0.20

CI: confidence interval, BUN: blood urea nitrogen.

^\*^Statistically significant.

DISCUSSION
==========

Much has been written about the underlying pathophysiology of AP and its complications, however management remains a clinical challenge and is primarily based on supportive therapy \[[@B13][@B14][@B15]\]. Early correction of intravascular volume depletion caused by pancreatitis appears to be widely accepted as the cornerstone intervention in this condition, yet there is little evidence about the value and range of its clinical application. In addition, there is no current standardized or validated protocol for the management of AP in pediatric patients \[[@B16][@B17][@B18]\].

Our study shows that pediatric patients without complex medical co-morbidities, who were admitted with AP, tachycardia above the 95th percentile for age that lasted for ≥48 hours, elevated BUN on admission and need for fluid resuscitation had longer hospital LOS. The amount of fluid intake above recommended maintenance volumes during hospital stay did not affect the LOS in our patient population.

Unlike observations reported from adult studies, there is limited data regarding the outcomes of pediatric AP \[[@B19]\]. Earlier efforts to build a prognostic system for AP in children have not been widely generalizable, as studies were based on major medical institutions, predominantly quaternary referral hospitals with a greater proportion of patients who had prior co-morbidities and more severe disease.

Our organ failure model was developed to examine the effect of clinical signs of cardiac, pulmonary and renal dysfunction on LOS. In this model, elevated heart rate above 95th percentile for age that lasted for ≥48 hours was found to be associated with increased LOS. Only three of our patients with SAP had decreased SBP and MBP so these blood pressure variables were not included. The finding that most patients are not hypotensive may be due to the limited number of patients with SAP in our cohort or the physiologic delay in development of hypotension in pediatric hypovolemic shock \[[@B19]\]. Similarly, decreased hourly scaled urine output and increased oxygen needs did not have a statistically significant effect on LOS as they appear to be a delayed sign of organ failure in pediatric population \[[@B20]\].

Analysis of the laboratory markers model showed that elevated serum BUN on admission was associated with increased LOS. The majority of BUN values were in the higher normal level for pediatric age (20 mg/dL). In a prior study that included 671 adult patients with AP, authors concluded that the best timing for BUN measurement to predict in-hospital mortality related to AP was at admission and with a value of 37.3 mg/dL for optimal response \[[@B21]\]. This cut-off value in pediatric patients would be different as serum BUN levels are physiologically lower than those of adults due to their anabolic growth state and higher glomerular reserve \[[@B22]\]. A retrospective study of 202 pediatric patients with AP showed that an increase in BUN at 48 hours was associated with more severe disease outcome based on comparable scores to Ranson and modified Glasgow systems. However, the authors did not suggest a cut-off value \[[@B23][@B24]\].

In our study, elevated serum lipase was not associated with increased LOS. This is comparable to widely accepted adult pancreatitis severity systems, including APACHE II and Ranson\'s criteria, that showed serum lipase was not found to correlate with disease outcome \[[@B25]\]. In a different pediatric study published by Szabo et al, the authors concluded that serum lipase greater than or equal seven times the ULN predicted severity of AP, defined as organ failure, local pancreatic complications, need for surgery or death, with 85% sensitivity and 56% specificity \[[@B26]\]. This finding was not validated in other studies.

Most of adult severity predictive systems include blood hematocrit on admission as a predictor of severe disease and marker of hemoconcentration \[[@B27][@B28][@B29]\]. Based upon this, we hypothesized that increased blood hematocrit in pediatric patients on admission would correlate with increased LOS \[[@B30][@B31]\]. However, our results did not support this hypothesis. Perhaps the higher prevalence of anemia and age-related variation of hemoglobin level in the pediatric population may reduce the sensitivity of hematocrit as a marker of intravascular hypovolemia \[[@B32]\]. In our study cohort, we suspect that could be the reason why elevated blood hematocrit was not found to be associated with increased hospital LOS. We must also note that no cases of hemorrhagic pancreatitis were diagnosed in our study group.

The finding that fluid resuscitation was associated with longer LOS could be related to the fact that patients who needed fluid boluses had a relatively more severe course. Fluid hydration provides circulatory support to prevent the cascade of events leading to pancreatic necrosis and complications \[[@B33][@B34][@B35]\]. In addition, fluid resuscitation improves hypovolemia resulting from reduced oral intake, vomiting and third space extravasation. Our patient cohort received fluid resuscitation with either NS or LR using volume a of 20 mg/kg/bolus with a maximum of 3 boluses. Previous guidelines published by the INSPPIRE group recommended that pediatric patients with AP receive 1.5--2.0 times daily calculated maintenance fluids \[[@B8][@B36]\]. This finding could be validated by a future prospective observational study or randomized controlled clinical trial.

As a retrospective cohort design, our study has limitations related to identifying causality and selection bias. The potential source of selection bias is due to management decisions being left to the discretion of each patient\'s individual treating physician. To reduce this bias, we considered all demographic and clinical variables in the regression models. Although this is the largest sample size of pediatric patients with AP who did not have other severity confounding co-morbidities, we had a limited number of patients with severe AP.

In conclusion we found that an elevated serum BUN on admission, tachycardia that lasted for ≥48 hours and the need for fluid resuscitation were associated with increase LOS in pediatric AP. We did not find evidence that daily total fluid intake above recommended maintenance was associated with reduced hospital LOS as a proxy marker for severity. Our study highlights the importance of tachycardia and elevated BUN as simple and universal markers for identifying higher severity cases of pancreatitis. In addition, it provides insight for future research aiming to better determine the severity of AP and the parameters for fluid therapy in pediatric AP.
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